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[Fig. 3] 
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CATALYST PARTICLES ON A TIP 

TECHNICAL FIELD 

The described technology relates generally to nanostruc 
tures and, more particularly, catalyst particles on a tip. 

BACKGROUND 

Recently, considerable research has been conducted 
regarding carbon nanotubes (CNTs) and CNT applications. 
One of the applications involves applying the CNTs to an 
electron emitter of a ?eld emission device (FED). Typically, 
the FED applies an external electric ?eld to a surface of the 
electron emitter so that electrons on the surface are emitted 
outward using quantum-mechanical tunneling. CNTs possess 
good conductivity, a good ?eld enhancement effect, a lower 
work function than that of metal and good ?eld emission 
properties. In addition, CNTs possess good chemical resis 
tance properties and good mechanical strength, thus allowing 
for the manufacture of durable electron emitters. 
A method of forming CNTs using Fe and Mo or Fe metal 

particles as catalysts by a thermal chemical vapor deposition 
(CVD) method is discussed in Chem. Phys. Lett. 292, 567 
(1988) by]. Kong et al andinChem. Phys. 296, 195 (1998) by 
J. Hafner et al. More recently, research on a method of form 
ing CNTs on a cathode using various metal catalysts has been 
conducted. For example, a method of forming multi-walled 
CNTs on a tungsten tip using a nickel catalyst by a plasma 
enhancement CVD method is described by S. H. Heo et al in 
Applied Phys. Lett. 90, 183109 (2007). 

To use CNTs as a ?eld emitter of the FED, it is necessary to 
form the CNTs aron an apex of a cathode where an electric 
?eld is concentrated in order for the ?eld emitter to be elec 
trically reliable. Thus, the catalyst particles need to be formed 
around the apex of the cathode. One drawback is that, at 
present it is dif?cult to reliably control the catalyst particles. 

SUMMARY 

In one embodiment, a method for forming metal catalyst 
particles on a metal tip comprises disposing a metal tip to be 
spaced apart from an electrolyte solution containing metal 
catalyst ions. The method also comprises applying a voltage 
to the electrolyte solution to emit the metal catalyst ions from 
the electrolyte solution, and attaching the emitted metal cata 
lyst ions to the metal tip. 

In one embodiment, a method for forming nanostructures 
on a metal tip comprises forming metal catalyst particles on a 
metal tip, and forming nanostructures on the metal tip from 
the metal catalyst particles. Forming the metal catalyst par 
ticles on the metal tip comprises applying a voltage to an 
electrolyte solution including metal catalyst ions so that the 
electrolyte solution emits the metal catalyst ions from the 
electrolyte solution, and attaching the emitted metal catalyst 
ions to the metal tip. 

The Summary is provided to introduce a selection of con 
cepts in a simpli?ed form that are further described below in 
the Detailed Description. The Summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used as an aid in determin 
ing the scope of the claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ?ow chart of an illustrative embodiment of a 
method for forming metal catalyst particles on a metal tip. 
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2 
FIGS. 2 to 4 are schematic diagrams of an illustrative 

embodiment of a method for forming metal catalyst particles 
on a metal tip. 

FIG. 5 is a ?ow chart of an illustrative embodiment of a 
method for forming nanostructures on a metal tip. 

FIG. 6 is a schematic diagram of an illustrative embodi 
ment of a method for forming nanostructures on a metal tip. 

FIGS. 7A and 7B show illustrative embodiments of graphs 
illustrating evaluation results of the stability of the ?eld emis 
sion and the I-V properties of a ?eld emission emitter. 

FIG. 8 is SEM images of tungsten tips prepared using the 
methods disclosed herein: (A) Ni catalyst locally formed on 
the tungsten tip by ?eld-induced ion emission from Ni elec 
trolyte, and (B) CNT formed on Ni catalyst. 

DETAILED DESCRIPTION 

In the following detailed description, reference is made to 
the accompanying drawings, which form a part hereof. In the 
drawings, similar symbols typically identify similar compo 
nents, unless context dictates otherwise. The illustrative 
embodiments described in the detailed description, drawings, 
and claims are not meant to be limiting. Other embodiments 
may be utilized, and other changes made be made, without 
departing from the spirit or scope of the subject matter pre 
sented here. It will be readily understood that the components 
of the present disclosure, as generally described herein, and 
illustrated in the Figures, can be arranged, substituted, com 
bined, and designed in a wide variety of different con?gura 
tions, all of which are explicitly contemplated and make part 
of this disclosure. 

It will also be understood that when an element or layer is 
referred to as being “on,” another element or layer, the ele 
ment or layer may be directly on the other element or layer or 
intervening elements or layers may be present. As used 
herein, the term “and/ or” may include any and all combina 
tions of one or more of the associated listed items. 

Method of Forming Metal Catalyst Particles on 
Metal Tip 

FIG. 1 is a ?ow chart of an illustrative embodiment of a 
method for forming metal catalyst particles on a metal tip. 
Referring to FIG. 1, beginning in block 110, a metal tip is 
disposed to be spaced apart from an electrolyte solution. For 
example, the metal tip may be disposed over the electrolyte 
solution. The electrolyte solution includes metal catalyst 
ions. In block 120, a power source, such as an external power 
source, applies a voltage to the electrolyte solution, thus 
causing the electrolyte solution to emit the metal catalyst 
ions. In block 130, the emitted metal catalyst ions are attached 
to the metal tip as a result of an electric ?eld formed around 
the metal tip. As a result, the metal catalyst particles form on 
the metal tip. 

FIGS. 2 to 4 are schematic diagrams of an illustrative 
embodiment of a method for forming the metal catalyst par 
ticles on the metal tip. Referring to FIG. 2, a metal tip 201 
having an apex 202 is disposed to be spaced apart from an 
electrolyte solution 203. The metal tip 201, for example, may 
be formed of a metal such as tungsten, nickel, aluminum, 
molybdenum, tantalum or niobium, or an alloy thereof. In one 
embodiment the apex 202 on the metal tip 201 may be formed 
by electrochemically etching a metal wire within an electro 
lyte solution. For example, a tungsten wire may be electro 
chemically etched within a sodium hydroxide solution or a 
potassium hydroxide solution to form a tungsten tip with an 
apex. For another example, an aluminum wire may be elec 
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trochemically etched within a hydrogen chloride solution 
mixed with a hydro sulfuric acid to form an aluminum tip with 
an apex. In another embodiment, the apex 202 on the metal tip 
201 may be formed by mechanically grinding a metal wire. 

The electrolyte solution 203 that includes metal catalyst 
ions 204 may be provided within an electrode container 205. 
The metal catalyst ions 204 may be formed from metal cata 
lysts in the electrolyte solution 203. In one embodiment, the 
metal catalyst ions 204 may be metal cations having positive 
charges when the metal catalysts discharge some electrons 
thereof into the electrolyte solution 203. In another embodi 
ment, the metal catalyst ions 204 may be metal anions having 
negative charges when the metal catalysts obtain some elec 
trons from the electrolyte solution 203. The metal catalyst 
ions 204, for example, may include nickel ions, cobalt ions, 
molybdenum ions, iron ions, etc., or a combination thereof. 

Referring to FIG. 3, an external power source 301 applies 
a voltage to the electrolyte solution 203, which causes the 
electrolyte solution 203 to emit the metal catalyst ions 204 
outward from the electrolyte solution 203. In one embodi 
ment, the external power source 301 is connected between the 
metal tip 201 and the electrode container 205 to apply the 
voltage to the electrolyte solution 203. In one embodiment, 
when the metal catalyst ions 204 have positive charges, the 
voltage may be applied to allow the metal tip 201 to have a 
negative potential and the electrolyte solution 203 to have a 
positive potential. In another embodiment, when the metal 
catalyst ions 204 have negative charges, the voltage may be 
applied to allow the metal tip 201 to have a positive potential 
and the electrolyte solution 203 to have a negative potential. 

The voltage applied to the electrolyte solution 203 gener 
ates an electrostatic force. The generated electrostatic force 
may cause the metal catalyst ions 204 to gather toward the 
surface of the electrolyte solution 203. The metal catalyst ions 
204 gathered toward the surface of the electrolyte solution 
203 may exhibit electrostatic repulsion against each other. At 
this time, when a voltage exceeding a threshold voltage is 
applied, the metal catalyst ions 204 can overcome the surface 
tension of the electrolyte solution 203 so that the metal cata 
lyst ions 204 are emitted from the surface of the electrolyte 
solution 203. The threshold voltage means a critical voltage 
applied into the electrolyte solution 203, which is an upper 
limit voltage that metal catalyst ions 650 can exist in the 
electrolyte solution 203 in spite of the electrostatic repulsion 
against each other and the electrostatic repulsion with the 
electrolyte solution 203. 

The electric ?eld formed around the metal tip 201 by the 
voltage induces the metal catalyst ions 204 emitted from the 
electrolyte solution 203 toward the metal tip 201. In one 
embodiment, the electric ?eld is concentrated on the apex 202 
of the metal tip 201, and the emitted metal catalyst ions 204 
may become attached to the apex 202 of the metal tip 201. The 
attached metal catalyst ions 204 can receive electrons from 
the metal tip 201 or give electrons to the metal tip 201 so that 
the metal catalyst ions 204 are reduced or oxidized to become 
metal catalyst atoms on the metal tip 201. 

Referring to FIG. 4, metal catalyst particles 401 are formed 
on the metal tip 201. The metal catalyst atoms reduced or 
oxidized on the metal tip 201 bond to each other to form the 
metal catalyst particles 401. The metal catalyst particles 401 
may form on the metal tip 201 in the form of a thin ?lm. In one 
embodiment, the metal catalyst particles 401 may form 
around the apex 202 of the metal tip 201 where the electric 
?eld is concentrated. The size of the metal catalyst particles 
401 may be determined by adjusting an amount of the metal 
catalyst ions 204 moving from the electrolyte solution 203 to 
the metal tip 201. The amount of the metal catalyst ions 204 
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4 
moving from the electrolyte solution 203 to the metal tip 201 
may be monitored by measuring the amount of electric charge 
generated by the metal catalyst ions 204, and thus may be 
adjusted by changing a voltage applied into the electrolyte 
solution 203 or a process time that the applied voltage main 
tains. Therefore, the metal catalyst particles 401 formed on 
the metal tip 201 to be controlled to a desired size. 
As described above, by delivering metal catalyst ions using 

the electric ?eld, the size of metal catalyst particles may be 
readily controlled on a metal tip. The metal catalyst particles 
may be formed around the apex of the metal tip where the 
electric ?eld is concentrated. In addition, the method of form 
ing the metal catalyst particles as described above in one or 
more embodiments allows nanostructures to be formed 
around the apex of the metal tip, as will be further described 
below. 

Method of Forming Nanostructures on Metal Tip 

FIG. 5 is a ?ow chart of an illustrative embodiment of a 
method for forming nanostructures on a metal tip. Referring 
to FIG. 5, beginning in block 510, metal catalyst particles are 
formed on a metal tip. The metal catalyst particles may be 
formed on the metal tip as described above with reference to 
FIGS. 1 to 4. Therefore, a detailed description of a method of 
forming the metal catalyst particles on the metal tip is omitted 
for simplicity. 

In block 520, nanostructures are formed from the metal 
catalyst particles on the metal tip. The nanostructures may be 
formed from the metal catalyst particles using, for example, a 
chemical vapor deposition (CVD) method or any of a variety 
of well-known evaporation methods. 

FIG. 6 is a schematic diagram of an illustrative embodi 
ment of a method for forming nanostructures on a metal tip. 
The nanostructures, for example, may include carbon nano 
tubes, nanowires or nanorods. A method for forming the 
carbon nanotubes as one example of the nanostructures will 
now be described. Referring to FIG. 6, carbon nanotubes 601 
are formed from the metal catalyst particles 401 on the sur 
face of the metal tip 201 described with reference to FIG. 4. In 
one embodiment, the carbon nanotubes 601 may be formed 
by the CVD method using, for example, heat, plasma or 
microwave as an energy source. In the CVD method, a reac 
tion gas 603 including hydrocarbon is introduced onto the 
metal catalyst particles 401. The hydrocarbon may include 
carbon monoxide, acetylene, ethylene, ethane, methane, pro 
pane, or a combination thereof. The reaction gas 603 includ 
ing the hydrocarbon is dissolved on the metal catalyst par 
ticles 401 by, for example, the heat, the plasma or the 
microwave. Carbon atoms separated from the hydrocarbon in 
the dissolved reaction gas 603 diffuse into the metal catalyst 
particles 401 and the carbon atoms are ?lled within the metal 
catalyst particles 401. When the carbon atoms are ?lled 
beyond the solubility of carbon in the metal catalyst particles 
401, precipitation of the carbon atoms occurs. Due to the 
precipitation, the carbon atoms are extracted from the metal 
catalyst particles 401 . At this time, the extracted carbon atoms 
are rearranged on the interface with the metal catalyst par 
ticles 401. The rearranged carbon atoms grow from the inter 
face to form the carbon nanotubes 601. 
The carbon nanotubes 601 may be formed by base growth 

or tip growth. As illustrated in FIG. 6, the base growth allows 
the carbon nanotubes 601 to be formed above the top surface 
of the metal catalyst particles 401 while the metal catalyst 
particles 401 are attached to the metal tip 201. Alternatively, 
the tip growth allows the carbon atoms to be diffused from the 
top surface into the bottom surface of metal catalyst particles 
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and then to be extracted from the bottom surface of the metal 
catalyst particles, thereby forming carbon nanotubes below 
the metal catalyst particles. The metal catalyst particles 401 
may remain on the carbon nanotubes 601 after the carbon 
nanotubes 601 are formed from the metal catalyst particles 
401. 

In one embodiment, an electrode (not shown) is disposed to 
be spaced apart from the metal tip 201, and an external volt 
age may be applied between the metal tip 201 and the elec 
trode while the carbon nanotubes 601 are being formed on the 
metal tip 201 by the CVD method. An electric ?eld generated 
by the external voltage may prevent the carbon nanotubes 601 
from randomly growing on the metal tip 201. The electric 
?led may interact with the carbon nanotubes 601 growing on 
the metal tip 201. The electric ?eld may change the internal 
dipole polarity of the carbon nanotubes 601 and generate 
torque and force to align the carbon nanotubes 601. Accord 
ingly, the electric ?eld may change the growth direction of the 
carbon nanotubes 601 on the metal tip 201, thus allowing the 
carbon nanotubes 601 to be aligned along the electric ?led. As 
illustrated in FIG. 6, the carbon nanotubes 601 may be aligned 
substantially parallel to a longitudinal direction of the metal 
tip 201. 

The nanostructures other than the carbon nanotubes may 
be formed by the similar method as the method of forming the 
carbon nanotubes, described with reference to FIG. 6. That is, 
a predetermined source gas corresponding to the nanostruc 
tures may be provided and dissolved on metal catalyst par 
ticles, and the nanostructures may be formed by reactions 
between the dissolved source gas and the metal catalyst par 
ticles. In one embodiment, silicon carbide nanorods may be 
formed by a CVD method using a vaporized C6HISSi2 gas as 
the source gas and iron particles as the metal catalyst par 
ticles. In another embodiment, silicon oxide nanowires may 
be formed by an evaporation method using a vaporized SiO 
gas as the source gas and iron particles as the metal catalyst 
particles. 

Hereinafter, electrical properties of nanostructures and a 
?eld emission emitter including the nanostructures of the 
present disclosure will be described in detail with respect to 
speci?c examples, however, these examples are only pro 
vided for better understanding of the present disclosure and 
not intended to limit the scope of the present disclosure. 

EXAMPLES 

Formation of Metal Catalyst Particles and Carbon 
Nanotubes on Metal Tip 

A voltage of 30V was applied to a tungsten wire within a 
potassium hydroxide solution of 1.5 mol/L to electrochemi 
cally etch the tungsten wire, thereby forming a tungsten tip 
with an apex. An electrolyte solution containing nickel ions as 
metal catalyst ions was disposed to be spaced apart from the 
tungsten tip by 50 pm. The voltage was then increased and 
applied at a voltage rate of lOV/ sec between the tungsten tip 
and the electrolyte solution to extract nickel catalyst ions 
from the electrolyte solution, and the extracted nickel catalyst 
ions were attached to the tungsten tip to form nickel catalyst 
particles. Acetylene (CZHZ) of 40 sccm was supplied to the 
tungsten tip where the nickel catalyst particles are formed for 
10 minutes at 700° C. Accordingly, the carbon nanotubes 
were formed on the tungsten tip, and the ?eld emission emit 
ter having the carbon nanotubes was fabricated. 

Measurement on Electrical Property of Field 
Emission Emitter 

l-V properties of the ?eld emission emitter having the 
carbon nanotubes and stability of the ?eld emission were 
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6 
evaluated. An electric ?eld of l to 6 V/um was formed in the 
tungsten tip, and a current generated by electrons emitted 
from the carbon nanotubes of the tungsten tip was measured. 
In addition, the electric ?eld corresponding to about 5 .2 V/um 
was constantly applied to the tungsten tip for about 50 hours, 
and a current generated by the carbon nanotubes was mea 
sured over time. 

Evaluation 

FIGS. 7A and 7B are graphs illustrating evaluation results 
of the stability of the ?eld emission and the l-V properties of 
the ?eld emission emitter of the present example. Referring to 
FIG. 7A, when an electric ?eld of about 4 V/um or higher is 
applied, the current caused by electrons emitted through the 
carbon nanotubes increases drastically. Referring to FIG. 7B, 
when an electric ?eld of about 5 .2 V/um is constantly applied 
to the tungsten tip, a current of about 150 HA is stably gener 
ated for about 50 hours. Therefore, the ?eld emission emitter 
having the carbon nanotubes formed on the metal tip accord 
ing to the method of the present example shows stable current 
emitting properties. 
As described above, according to some embodiments, an 

electric ?eld may be applied to form metal catalyst particles 
around an apex of a metal tip. Since nanostructures are 
formed from the positions where the metal catalyst particles 
are disposed, the nanostructures may be formed around the 
apex of the metal tip by a simple method at a low cost com 
pared to the related art. In addition, an amount of electric 
charges of metal catalyst ions moving from an electrolyte 
solution to the metal tip can be adjusted to control sizes of the 
metal catalyst particles. Therefore, the nanostructures having 
various diameters and densities can be produced from the 
metal catalyst particles of which the sizes were controlled on 
the metal tip. 
From the foregoing, it will be appreciated that various 

embodiments of the present disclosure have been described 
herein for purposes of illustration, and that various modi?ca 
tions may be made without departing from the scope and 
spirit of the present disclosure. Accordingly, the various 
embodiments disclosed herein are not intended to be limiting, 
with the true scope and spirit being indicated by the following 
claims. 
What is claimed is: 
1. A method for forming nanostructures on a metal tip, 

comprising: 
disposing the metal tip to be spaced apart from an electro 

lyte solution, the electrolyte solution containing metal 
catalyst ions; 

applying a voltage to the electrolyte solution to emit the 
metal catalyst ions from the electrolyte solution, 
wherein the metal tip is spaced apart from the electrolyte 
solution while applying the voltage; 

attaching the emitted metal catalyst ions to the metal tip to 
form metal catalyst particles on the metal tip; and 

providing a reaction gas to the metal catalyst particles on 
the metal tip to form nanostructures on the metal tip. 

2. The method of claim 1, wherein the metal tip is formed 
by electrochemically etching a metal wire within a metal 
hydroxide solution. 

3. The method of claim 2, wherein the metal hydroxide 
solution comprises potassium hydroxide or sodium hydrox 
ide. 

4. The method of claim 1, wherein the metal tip is formed 
of at least one material selected from the group consisting of 
tungsten, nickel, aluminum, molybdenum, tantalum and nio 
bium. 
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5. The method of claim 1, wherein the metal catalyst ions 
comprise at least one ion selected from the group consisting 
of nickel ions, cobalt ions, molybdenum ions and iron ions. 

6. The method of claim 1, wherein attaching the emitted 
metal catalyst ions to the metal tip comprises reducing or 
oxidizing the emitted metal catalyst ions into metal catalyst 
particles on the metal tip. 

7. The method of claim 1, wherein the voltage is applied to 
allow the electrolyte solution to have a positive potential and 
the metal tip to have a negative potential. 

8. The method of claim 1, wherein the voltage is applied to 
allow the electrolyte solution to have a negative potential and 
the metal tip to have a positive potential. 

9. The method of claim 1, wherein attaching the emitted 
metal catalyst ions to the metal tip comprises controlling a 
size of the metal catalyst particles by adjusting the voltage 
and/ or time the voltage is applied. 

10. The method of claim 1, wherein the electrolyte solution 
is disposed within a container. 

8 
11. The method of claim 1, wherein the nanostructures 

comprise carbon nanotubes. 
12. The method of claim 11, wherein the reaction gas 

comprises a hydrocarbon. 
13. The method of claim 12, wherein the hydrocarbon is 

selected from the group consisting of carbon monoxide, 
acetylene, ethane, methane, propane, and a combination 
thereof. 

14. The method of claim 1, wherein an electrode is dis 
posed apart from the metal tip and a voltage is applied 
between the metal tip and the electrode while the nano struc 
tures are being formed. 

15. The method of claim 1, wherein the reaction gas com 
prises SiO and/or C6HISSi2. 

16. The method of claim 1, wherein heat, plasma radiation 
and/or microwave radiation are applied while the nanostruc 
tures are being formed. 

* * * * * 
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